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Abstract
Clean water and sanitation (SDG 6) is one of the 17 Sustainable Development Goals (SDGs) of the United
Nations, but so far, the world is not on the right track to achieve SDG 6 targets. In order to change this
situation and lead the world to achieve the goal of sustainable water resources management, the United
Nations initiated the SDG 6 global acceleration framework including financing, data and information,
capacity development, innovation, and governance. From the perspective of data and information that
serving SDG 6 target monitoring and evaluation, this study analyzes the current global data progress, the
role of Big Earth Data, technology, and the integrated application in SDG 6 target monitoring and
evaluation. The study summarizes two problems in the global SDG 6 monitoring and evaluation:1) There
is still a lack of sustainably provided high-precision indicator monitoring data set. 2) Lack of operational
system integrating data acquisition, indicator calculation and target evaluation. On this basis, the study
proposes to establish standardized statistical forms and technical guidelines, to build a system platform
for the monitoring and evaluation of all the SDG 6 targets and indicators.
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Abstract: Clean water and sanitation (SDG 6) is one of the 17 Sustainable Development Goals (SDGs) of the
United Nations. However, the world is still not on the track to achieve SDG 6 targets. In order to change this situation and lead the world to achieve the goal of sustainable water resources management, the United Nations initiated
the SDG 6 global acceleration framework including financing, data and information, capacity development, innovation, and governance. From the perspective of data and information serving SDG 6 monitoring and evaluation, this
study analyzes the current global data progress and the integrated application of Big Earth Data in SDG 6 monitoring and evaluation. The study summarizes two problems in the global SDG 6 monitoring and evaluation: 1) lack of
sustainably provided high-precision indicator monitoring data set; 2) lack of operational system integrating data
acquisition, indicator calculation, and target evaluation. On this basis, the study proposes to establish standardized
statistical reports and technical guidelines and to build a system platform for the monitoring and evaluation of all
the SDG 6 targets and indicators. DOI: 10.16418/j.issn.1000-3045.20210705007-en
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Progress of SDG 6

One of the 17 Sustainable Development Goals (SDGs) of
the United Nations is to ensure clean water and sanitation
(SDG 6) for all by 2030. However, according to the latest
report issued by UN Water, the world had deviated from the
track of SDG 6 before the outbreak of COVID-19 [1]. At
present, there are still 2.2 billion people living in the environment without safely managed drinking water and sanitation over the world. The water management is facing the
challenges including the exhausting water sources, the aggravating water pollution, and the growing water-intensive
industries, agriculture, and energy industry to meet the needs
of an expanding population. For dealing with these challenges, it is urgent to change the previous economic, engineering, and management frameworks guiding water
management policies and investments, and develop new
solutions for sustainable protection and development of water
resources to ensure scientific and fair water use [2] through
research and innovation, thus leading the world to achieve the
goal of sustainable water resources management.
At the United Nations High-level Political Forum on

Sustainable Development on July 9, 2020, the SDG 6 Global
Acceleration Framework was officially launched as witnessed
by the representatives from 11 UN specialized agencies and 40
international organizations. The Framework mobilized UN
agencies, governments, civil societies, private sectors, and
other stakeholders to participate in five cross-domain “accelerators” (financing, data and information, capacity development, innovation, and governance), so as to promote the
addressing of the matters regarding clean water and sanitation
around the world (Figure 1) [3]. Among these five “accelerators”, data and information refer to data production, verification, standardization, and exchange (including the use of
consistent data, innovative methods, and tools) for optimizing
the monitoring and evaluation of water-related indicators.
According to Summary Progress Update 2021: SDG
6—Water and sanitation for all, the UN members possessed
the data of about 2/3 of SDG 6 indicators, and 38 members
had the data of less than half of the indicators. Although these
indicators are effective for evaluating the overall progress of
global SDG 6, more detailed data are needed for making
policies, decisions, and plans within the spatial scale of a
country. Therefore, it is urgent to improve the ability to
monitor SDG 6 on a national scale.
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Figure 1

Five accelerators of SDG 6 Global Acceleration Framework [3]

2 Status of SDG 6 monitoring and evaluation
data
The latest evaluation indicated that among the 11 indicators of SDG 6 (Table 1), SDG 6.1.1, SDG 6.2.1, SDG 6.3.1,
and SDG 6.3.2 have clear definition and evaluation methods
①
but no available monitoring data (Tier II) . Although the
remaining indicators have available methods and data, many
indicators still lack the data or have discontinuous data due to
the fact that most of the data need to be submitted or confirmed by member states with different monitoring capabilities and means as well as different management methods.
The monitoring and evaluation data of SDG 6.1.1 and
SDG 6.2.1 are collected from independent household surveys
or statistical results of regulatory agencies in member states.
According to the 2017 report of the WHO/UNICEF Joint
Monitoring Programme for Water Supply, Sanitation and
Hygiene, almost all the countries provided data on basic
drinking water and sanitation services, 96 of which provided
data on safely managed drinking water and sanitation
services [4].
SDG 6.3 consists of two indicators. SDG 6.3.1 is mainly
monitored based on the total amount of produced and processed wastewater as surveyed and determined by the national functional departments such as water, sanitation,
②
environment, public service, and statistics departments .
However, such data are still not available in many countries
which have weak capacity in monitoring industrial
wastewater discharge. Some countries only make estimations
based on the total water supply to households, without separately reporting the amount of domestic wastewater [5]. SDG

6.3.2 is mainly monitored based on the water quality of rivers, lakes, and groundwater, the data of which are obtained by
field measurement and indoor testing. Countries and regions
may select representative and important rivers, lakes, and
groundwater for water quality evaluation and management.
Some developed countries have established long-term water
quality monitoring programs, while most countries have not
formed the regular reporting system for water quality data [5].
SDG 6.4 requires to increase water-use efficiency and ensure sustainable withdrawals and supply of freshwater to address water scarcity. It consists of two indicators, SDG 6.4.1
and SDG 6.4.2. The data required for indicator calculation
refer to technical (water saving) or economic (value added)
administrative data collected at the national level by designated agencies in the member states. Such data are mainly
from statistical yearbooks, water resources bulletins, and irrigation management systems, by FAO’s Global Information
System on Water and Agriculture (AQUASTAT) and water
and agriculture statistics questionnaire. Within the statistical
survey period from 2010 to 2020, 99 of the 168 countries in③
cluded in the AQUASTAT system submitted the data .
SDG 6.5.1 and SDG 6.5.2 are integrated water resources
management indicators that can be used to evaluate management policies, laws, regulations, measures, tools, and benefits.
The data are mainly collected from survey statistics and reported results based on questionnaires organized by the water
resources management departments of the member states. In
the evaluation conducted in 2020, 185 of the 193 member
states of the United Nations submitted the data of evaluation on
the implementation of integrated water resources management [6], and 154 states with transboundary river basins had
④
available data in the national statistical system .

______________________________________
① IAEG-SDGs. Tier Classification for Global SDG Indicators. (2020–12–28)[2021–07–04]. https://unstats.un.org/sdgs/iaeg-sdgs/tierclassification/.
② UN WATER. Integrated Monitoring Guide for Sustainable Development Goal 6 on Water and Sanitation-Targets and global indicators.
(2017–07–01)[2021–07–04]. https://www.unwater.org/publications/sdg-6-targets-indicators/.
③ FAO. AQUASTAT-FAO’s Global Information System on Water and Agriculture. [2021–07–04]. http://www.fao.org/aquastat/en/.
④ UNESCO. Hydrology (IHP). [2021–07–04]. https://en.unesco.org/themes/water-security/hydrology.
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Table 1

Targets and indicators of SDG 6 and their classification status

* Tier classification is used to characterize the monitoring and evaluation methods and data status of various sustainable development indicators. It is divided
into Tier I, Tier II, and Tier III. Among them, Tier I refers to the indicators with clear definition and evaluation methods, and effective monitoring data; Tier
II refers to the indicators with clear definition and evaluation methods, but there is still a lack of monitoring data; Tier III refers to the indicators without
determined methods or standards

SDG 6.6.1 contains five sub-indicators: the spatial extent
of water-related ecosystems (Sub-Indicator 1), water quality
of lakes and artificial water bodies (Sub-Indicator 2), quantity
of water (discharge) in rivers and estuaries (Sub-Indicator 3),
water quality imported from Indicator 6.3.2 (Sub-Indicator
4), and quantity of groundwater within aquifers
(Sub-Indicator 5). The development of satellite-based earth
observation gives birth to many global and regional scale
products which can support the annual monitoring and
evaluation of Sub-Indicator 1 and Sub-Indicator 2 [7]. Since
the Sub-Indicators 3–5 depend on the field observation data
or model simulation results, only several countries can pro⑤
vide comprehensive data .
SDG 6.a.1 and SDG 6.b.1 are financial investment and
management policy indicators, the data of which can be obtained based on the Global Acquisition and Assistance System (GLAAS) questionnaire (UN Water) filled by
responsible departments of the member states. The statistical
results in 2017 indicated that only 50%–80% of the member
states provided valid data [8].

3 Application of Big Earth Data in monitoring and evaluation of SDG 6 indicators
3.1 Monitoring and evaluation of single indicators
As mentioned above, all the SDG 6 indicators have clear
definitions and monitoring and evaluation methods. For the
indicators reflecting infrastructure construction, capital investment, and changes in management policies, the contents
and filling methods of the survey and statistical statement
should be optimized for the improvement of monitoring and
evaluation methods, and the related research work is mainly
promoted by branch management agencies of the United
Nations. As for other indicators, Big Earth Data can be used
for the optimization [9]. At present, the National Aeronautics
and Space Administration (NASA), European Space Agency
(ESA), and China National Space Administration (CNSA)
have launched earth observation programs and developed
technical methods, which can support the monitoring and
evaluation of SDG 6.1, SDG 6.3–6.6, and SDG 6.a. These

______________________________________
⑤
UNEP.
Indicator
6.6.1
“Change
in
the
http://www.sdg6monitoring.org/indicators/target-66/indicators661/.

extent
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water-related
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spatial technologies can achieve the monitoring with high
temporal and spatial resolution through remote sensing, regular revisit, and fast information extraction, thus saving
money and time and providing accurate and comprehensive
evaluation results [10].
The data from gravity satellites, optical and radar satellites
can be used for the monitoring and evaluation of the access to
and efficient use of water resources (SDG 6.1 and SDG 6.4).
For example, gravity satellites (GRACE and GRACE-FO)
can evaluate the dynamics of groundwater in a wide range
through monitoring the changes in the earth’s gravity, and
then evaluate water shortages and provide guidance for the
necessary response actions [11]. Landsat 5/7/8 in combination
with Sentinel-1/2 can provide the distribution range and
changes of surface water bodies for guiding the allocation of
water resources in reservoirs [12].
The application of earth observation technology to water
quality monitoring (SDG 6.3) is becoming a hot topic. The
total suspended matter (TSS), chlorophyll a, phycocyanin,
and cyanobacteria can be monitored via the images of
Landsat satellites and Sentinel-2, as well as those of the
sensors such as Sentinel-3 Ocean and Land Color Instrument
(OLCI), Moderate Resolution Imaging Spectrometer
(MODIS), and Visible Infrared Imaging Radiometer
(VIIRS) [14]. Water quality can be reflected by the changes in
water color through monitoring water turbidity and algae
bloom [13,14]. Since space technology cannot completely replace observation, it is essential to calibrate the algorithm
with measured data before the monitoring and evaluation of
water quality.
The real-time, objective, and open characteristics of
satellite-based remote sensing play a role in guiding and
promoting the integrated water resources management (SDG
6.5) in states, especially the coordinated management between the states with transboundary rivers. In such states,
obtaining objective and accurate monitoring data is the prerequisite for negotiations on water resources allocation, water
environmental protection, and cross-border compensation. In
these regions, the observation base is relatively weak, and
satellite-based remote sensing possesses a huge
advantage [15].
Earth observation may play a role in the monitoring and
evaluation of water-related ecosystems such as wetlands,
rivers, aquifers, and lakes for realizing SDG 6.6. With the
images from Landsat 5/7/8, Sentinel-1/2, and domestic
high-resolution satellites GF 1/2/6, big data cloud computing
platform and machine learning and deep learning methods
can reveal the changes in the distribution range of waterrelated ecosystems over time [16,17]. For example, the Global

Surface Water (1985–2019) established by Joint Research
Center (JRC) provides unified standard data for evaluating
⑥
the progress of SDG 6.6.1 .

3.2 Integrated application of data and methods in
the monitoring and evaluation of SDG 6 indicators
⑦

At the UN-Water SDG 6 Data Portal , the latest progress
of 11 water-related indicators in each member state (or region) is presented by data and graphs from site monitoring,
questionnaires, statistical reports, and space observation. Due
to the sparse monitoring stations and delay in data acquisition
and reporting, many states cannot provide real-time and valid
data. As a result, the treatment, water quality, water use efficiency, and status of water-related ecosystems cannot be
evaluated at the global level [12]. The comprehensive use of
multi-source spatial data from space earth observation,
ground observation station network, and mobile Internet, as
well as Big Earth Data integrating coupling machine learning, deep learning, and cloud computing [18] has provided
solutions for the problems caused by missing, incomplete,
and untimely data.

3.2.1 Space4Water Portal
In 2016, United Nations Office for Outer Space Affairs
(UNOOSA) and Prince Sultan Bin Abdulaziz International
Prize for Water (PSIPW) signed a Memorandum of Understanding to cooperate with each other in achieving their
common goals, especially increasing the opportunities and
capabilities of getting and sustainable control of water with
the earth observation technology. Through the cooperation,
⑧
UNOOSA launched Space4Water Portal to promote water
management with spatial information technology.
Space4Water Portal, as a multi-stakeholder platform, is
mainly used for interdisciplinary knowledge exchange on
space technology and water-related topics. It serves the
stakeholders involving space technology and water, aiming to
strengthen the connection between technology suppliers and
management and application parties. It connects the organizations active in the field and shares the information about
projects, initiatives, satellite-based observation missions,
software, capacity building, training materials, conferences,
seminars, news, and publications. The data are categorized
and shared in a user-friendly format.

3.2.2 Freshwater Ecosystems Explorer
Freshwater Ecosystems Explorer is a public platform
jointly established by United Nations Environment Programme (UNEP), European Commission Joint Research
Center, and Google for serving the monitoring and evaluation

______________________________________
⑥ Hannay G. Using Satellite Imagery to Report Changes to Water Bodies for SDG
https://datasciencecampus.ons.gov.uk/using-satellite-imagery-to-report-changes-to-water-bodies-for-sdg-6–6-1/.
⑦ The UN-Water SDG 6 Data Portal (https://www.sdg6data.org/).
⑧ UNOOSA. Space4water Portal. [2021–07–04]. https://www.space4water.org/.
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of SDG 6.6.1. It can provide accurate, up-to-date, and
high-resolution geospatial data and show the degree of
change in freshwater ecosystems over time in member states
of the United Nations and other special administrative units
⑨
by diagrams . This platform can enable states to track the
progress of some SDG 6.6 indicators by providing the data
supporting and promoting the protection and restoration of
freshwater ecosystems.
At present, Freshwater Ecosystems Explorer includes the
data sets regarding permanent and seasonal surface water,
reservoirs, wetlands, mangroves, and water quality for monitoring and evaluating Sub-Indicators 1 and 2 of SDG 6.6.1.
The related data can be visualized or downloaded by the units
of states, regions, and river basins. The permanent and seasonal data of surface water and reservoirs are collected from
Global Surface Water developed by JRC and its derivative
products [19]. The data regarding wetlands and mangroves are
provided by DHI-GRAS [20] and Global Mangrove Watch [21],
respectively. The data of lake turbidity and nutrient indicators
⑩
are from the Copernicus Global Land Service developed
by the European Union.

3.2.3 Big Earth Data in support of the monitoring
and evaluation of SDG 6 by the Chinese Academy of
Sciences
Since 2018, the CAS Big Earth Data Science Engineering
Program (CASEarth) has explored the implementation of
Transforming Our World: The 2030 Agenda for Sustainable
Development launched by the UN. It mainly focuses on realizing the transformation of Big Earth Data to the relevant
application information of SDGs, providing decision-making
support for the achievement of SDGs, establishing Big Earth
Data to support SDG indicator system and integration, and
studying the association and coupling between goals from the
perspective of the earth system [22]. In view of the advantages
of Big Earth Data and characteristics of the SDG indicator
system, SDG 6 (clean water and sanitation), as one of the five
major SDGs, was selected for a preliminary case study.
Through the practice in 2019 and 2020, CASEarth organized 16 case studies in total, including 5 in 2019 and 11 in
2020 (or 8 in China and 8 along the Belt and Road in terms of
study areas). These studies involved SDG 6.1, SDG 6.3, SDG
6.4, and SDG 6.6. Among all the cases, 17 made innovative
contributions to data products, such as CAS_Lakes
(2000–2019, frequency: once a month, spatial resolution:
1 km), CAS_Wetlands (2015–2018, spatial resolution: 30 m),
Temporal and Spatial Distribution of Large-Scale Water
Transparency along the Belt and Road (2015, 2018, spatial
resolution: 500 m), Long-Term Surface Water Dynamic Distribution (2000–2018, spatial resolution: 250 m), and
Long-Term Global Crop Water Use Efficiency (2000–2019,

spatial resolution: 1 km). Nine of the cases made innovative
contributions to method models, such as transparency inversion method with strong universality based on water color
indicator, and crop water use efficiency evaluation method
based on spatio-temporal data fusion of multi-source remote
sensing data and combined with local crop growth process.
Twelve
made
innovative
contributions
to
decision-making [22–24].

4 Problems and suggestions for the monitoring and evaluation of SDG 6 indicators
4.1 Problems
UN agencies and the research groups affiliated with
member states have made great progress in monitoring and
evaluating SDG 6 through project cooperation and sharing of
experience and data under the clear indicator system and
evaluation method framework of the United Nations. Despite
the progress, there is still a big gap between the ability to
acquire water-related data and knowledge and the requirements of actual monitoring and evaluation, as mentioned at
the beginning of this paper. In summary, there are mainly two
problems.
(1) Lack of stably and sustainably provided high-precision
indicator monitoring data sets. Although space earth observation institutions represented by NASA, ESA, and Aerospace Information Research Institute, Chinese Academy of
Sciences, have developed a large number of spatio-temporal
continuous data sets on surface water distribution, water
quality, wetland changes. However, due to the variations in
financial guarantees and staff, as well as the inconsistency of
data and algorithm standards, there is still a lack of targeted,
objective, accurate, and sustainably provided data sets.
(2) Lack of an operational system integrating data acquisition, indicator calculation, and target evaluation. At present,
SDG 6-related portals and data platforms mainly focus on
one-way display of data and information results, as well as
data query and download. Therefore, after acquiring the data,
users need to carry out data processing and analysis according to the algorithm recommended by the evaluation indicators. Most non-professional users cannot use such data and
information effectively. Therefore, it is necessary to design
and develop an operational system with a simple process
integrating data acquisition, indicator calculation, and target
evaluation.

4.2

Suggestions

In view of the above problems, CASEarth has designed the
systems integrating remote sensing image data processing,
thematic product production, and indicator calculation for

______________________________________
⑨ UNEP. Freshwater Ecosystems Explorer. [2021–07–04]. https://www.sdg661.app/.
⑩ JRC. Copernicus Global Land Service. [2021–07–04]. https://land.copernicus.eu/global/products/lwq.
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SDG 6.3, SDG 6.4, and SDG 6.6 and has completed the
research on prototype systems. Such systems include DataBank for standardized processing of remote sensing images,
and EarthDataMiner, a cloud service system with Big Earth
Data mining and analysis for automatic extraction of surface
water distribution and analysis of the distribution changes [25].
These systems have laid a foundation for further monitoring
and evaluation of SDG 6 indicators. For monitoring and
evaluating SDG 6 progress at the national, provincial, municipal, and county levels, the basic work in the following
two aspects should be conducted.
(1) Establishing standardized statistical reports and technical guidelines for the monitoring and evaluation of all the
SDG 6 indicators. ⑪ According to the guideline of UN Water
for monitoring SDG 6 indicators on the national scale and the
requirements of provincial, municipal, and county-level data
management agencies, standardized statistical reports and
technical guidelines should be established for the monitoring
and evaluation of all SDG 6 indicators. This will facilitate
government departments and research institutions at all levels
to organize or participate in the monitoring and evaluation
under unified standards.
(2) Building a system platform for SDG 6 monitoring and
evaluation at national, provincial, municipal, and county
levels. According to the standardized statistical report and
technical guideline for monitoring and evaluating all the SDG
6 indicators, a system platform integrating basic data collection, indicator monitoring data set production, indicator status evaluation, result display, and automatic report generation
for all SDG 6 indicators should be built. This platform will
serve the monitoring and evaluation of SDG 6 in national,
provincial, municipal and county-level administrative
regions.
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